Introduction
The mechanical properties of yarns have a considerable effect on the processing behaviour and the performance characteristics of both yarns and fabrics. In many applications, one of the most important properties of spun yarns is their tensile characteristics. However, the tensile properties of yarns influence directly their strength during the various stages of manufacturing. The research on the mechanical behaviour of textile yarns dates back to 200 years ago [1] . Several authors have studied the theoretical stress-strain behaviour of yarns. Ghosh has presented the modified Vangluwe model to identify the behaviour of classic, open-end, air jet, and the twisted threads in tensile tests [2] . Moreover, Ussman has proposed the Vangluwe model to describe the viscoelastic behaviour of open-end and classic yarns with a weak error [3] . Also, Vangheluwe has presented an extension of the nonlinear Maxwell model to describe the relaxation behaviour of warp yarns following the cyclic tests [4] . Furthermore, Maatoug has analyzed the application of one of the most suitable model to characterize the viscoelastic properties of sizing yarns [5] . In addition, Ben Aamar has investigated the mechanical behaviour of open end and ring spun yarns under various levels of strain by using only their technical parameters [6] .
However, a very few authors have interested in the modeling of the core spun yarns. The study done by Yang has modeled theoretically the core-sheath structuring effect, using a spring and damper as mechanical elements [7] .
In earlier study of the effect of the elastane draft on the rheological modeling of the elastic core spun yarn, the mechanical behaviour of elastic core spun yarns was identified by a rheological modelling on the basis on pre-existent phenomenological models [8] .
In the present study, we are interested, in the first part, in the identification of the nonlinear viscoelastic behaviour of the Dorlastan core spun yarn on the basis of the characteristic tests. Then, we will develop an analytical model by using the rheological approach.
Material and Methods
The experimental evaluation of the theory was made using elastic core spun yarns that are made of Dorlastan  filament core which is covered with cotton fibers.
Dorlastan  filaments used in this study as core are characterised by a very good extensibility that ranges between 400 and 550% and a poor tenacity [9] .
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The physical parameters of the cotton fibers are listed in table 1.
The Dorlastan  core spun yarns are obtained with a core-spinning process [10] that allows an automatic insertion of the elastane with different percentages. The characteristic tests used in this study are the tensile test, the relaxation and cyclic test. These tests have been realized by means of a dynamometer of the type LLOYD in a conditioned atmosphere at a temperature of 20°C ± 2°C and a relative humidity of 65% ± 2% [11] .
The length of the test-tube for all tests has been about 500 mm.
For the tensile test, the extension rates are 150, 300 and 500 mm/ min.
The cyclic tests and the relaxation tests are carried out with deformation values being equal to 10%, 30%, 50%, 60%, and 90% of the breaking elongation. These tests are carried out for five cycles (the average value is calculated). The time of the relaxation tests is 900 s.
Results and Discussion

Characteristic tests
The response of materials to the characterization tests allows classifying them as: rigid, elastic, viscous, plastic and perfectly plastic. To carry out this classification, three principal characteristic tests are distinguished: tensile test, relaxation test and cyclic test [12] .
Tensile test: Figure 1 presents an example of the tensile curve of the elastic core spun yarn 100/156 with Dorlastan  draft equal to 3.47.
To defined different regions of the tensile curves of the elastic core spun yarn 100/156 with various Dorlastan  drafts, the cord method was used [13] . The curves derived of the tenacity according to deformation were plotted. • A first zone of weak deformation which corresponds to the applied pretension • A second linear portion with a complete recovery • A third nonlinear zone of viscoelastic deformation. In this region, recovery was partial • A fourth nonlinear zone of exponential form which starts from a defined constraint threshold. This is the region of high slope leading to the final breakage point.
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The same method is used to determine the constraint thresholds concerning the viscoelastoplastic zone for different yarns with various Dorlastan  drafts. The obtained results are presented in table 3.
Furthermore, the cord method [13] is used for the tensile curves carried out at different extension rates equal to 150 mm/min, 300 mm/ min and 500 mm/min. the results are presented in figure 3.
As displayed in figure 3 , the cord modulus values for different extension rates which are very close. The tenacity and the deformation values corresponding to this modulus are presented in table 4. Table 4 shows that the tenacity values corresponding to the cord modulus are very close. Thus, the constraint threshold is almost even for the different extension rates. Hence, the model suggested to describe the mechanical behaviour of the Dorlastan  core spun yarns must include a shoe. Figure 4 also indicates that the relaxation curves of the standardized tenacities are presented in the form of a curves beam. Thus, the relaxation of the tenacities depends on the imposed deformation level. As a consequence, the elastic core spun yarns present a viscoelastic behaviour.
At the same time, figure 5 develops the tenacity standardized at the relaxation time (t=900 s) which also depends on the imposed deformation level. In fact, the standardized tenacity is weak in the deformation level at the first zone of the tensile curve. It becomes more significant in the second zone. Then, it decreases to reach a minimum starting from the beginning of the third field of deformation level observed during the tensile test. As a result, the elastic core spun yarn presents nonlinear viscoelastic behaviour [14] . So, the model which will describe the mechanical behaviour of the elastic core spun yarn must include a nonlinear component.
Cyclic test:
Earlier study of the elastic recovery of the elastic core Relaxation test: Figure 4 presents the curves of the relaxation test standardized by the parameter T max corresponding to the tenacity reached at the end of the loading for the elastic core spun yarn 100/156 with a Dorlastan  draft equal to 3.47 which meets a Dorlastan  ratio equal to 4.5% [14] . spun yarn during the cyclic test proved the existence of a constraint threshold (S) from which the elastic core spun yarn keeps a permanent constraint. This factor explains the existence of the fourth zone at the end of the tensile curve and consequently the existence of the shoe in the model suggested to describe the mechanical behaviour of the elastic core spun yarn [15] .
Rheological model
The rheological model proposed to describe the mechanical behavior of the elastic core spun yarn is represented in the following figure 6 and equation 1. 
In order to determine the model parameters, the experimental data of the tensile test for the yarn 100/156 having an elastane draft equal to 3.47 was simulated until theoretical curves confounded with the experimental curves and a high determination coefficient R 2 is obtained.
Rheological parameters values and the determination coefficient are given in table 5. Figure 7 shows the simulation results of the tensile test. As shown in this figure 7, for the comparison of experimental and theoretical data, the proposed model fitted reasonably well with the experimental results seen that R² is raised and equal to 0. 99 (table 5) .
Validation of the proposed model:
To validate the proposed model describing the tensile behaviour of the elastic core spun yarn, the experimental values of the tensile curves were simulated for various extension rates.
The simulation results are presented in the figures 8 and 9. suggested to describe the viscoelatoplastic behaviour of the elastic core spun yarn is validated.
Rheological Parameters Numerical values
The simulation results of the experimental curves concerning the tensile test for different yarns and various Dorlastan  drafts are presented in figure 10 . Figure 10 shows that, for various Dorlastan  drafts, the rheological model adjust well the experimental curves of the tensile test of the yarn 100/156 with slight errors.
The same results are established for the elastic core spun yarns 50/78, 33.33/78, 33.33/44 and 25/44. Table 7 shows that the majority of rheological parameters remain constant for various Dorlastan  drafts except for the parameters E C and η s describing the mechanical behaviour of the elastic core spun yarn in the second zone of the tensile curve. These two parameters present also a variation according to the Dorlastan  draft, yarn count and Dorlastan  count.
In order to determine the impact of the experimental parameters as Dorlastan  draft, yarn count and Dorlastan  count on the two rheological parameters E c and η s , a multivariate linear regression modelling is used.
Multivariate linear regression modelling of the rheological parameters E c and η s
In order to study the normality of the variables, the test of Anderson Darling is used, as a statistical method, to check if the experimental tests follow or not a normal law. Figure 11 presents the results of Anderson Darling tests of the rheological parameters E c and η s . Figure 11 shows that all the experimental points fall according to the line plotted in the confidence intervals. Thus, the rheological coefficients E C and η S seem to follow a normal distribution.
The statistical models and analysis of the rheological parameters E c and η S are shown in table 8.
On table 8, we distinguish that the linear regressions of those models are highly significant since their P-value (null) lower than α-value equal to 0.05 and the Fisher coefficient values F are very significant.
Thus the obtained equations explain a significant part of the out coming variations.
We can also know the impact of experimental parameters on the rheological parameters E c and η S .
We used the statistical analyses to determine the significance thresholds (P) of the experimental parameters and also to identify the degree of influence of each parameter that are shown in table 9. 
In order to make sure that the multivariate linear regression equation obtained for the rheological parameter η S is a fitting approximation of the rheological model, the rheological experimental values were compared to those calculated by the statistical model ( figure 12 ). Statistically, the probability value of Anderson Darling (AD) ''P'' for both parameters E c and η s are equal to 0.057 and 0.347 respectively, are higher than α value equal to 0.05. Thus, the normal distribution seems to adapt the experimental data of those parameters. Thus, the statistical model obtained by multivariate linear regression for the rheological parameter η S is valid.
Conclusion
The study of the mechanical behaviour of the elastic core spun yarn in the tensile test, relaxation test and during cyclic test shows that the elastic core spun yarn presents a viscoelastoplastic solid behaviour with a nonlinear viscoelasticity. Hence, the model of the mechanical behaviour of the elastic core spun yarn is proposed. This model takes into account the behaviour of the yarn in the four zones of the tensile curve. The rheological model was validated for all the yarns for various Dorlastan  drafts. Indeed, this model adjusted well the experimental curves of the tensile test with a high determination coefficient R 2 .
The identification of the model parameters shows that only the two rheological parameters E c and η S present a variation according to the yarn count, Dorlastan  count and Dorlastan  draft. Thus, the statistical models of the two parameters by using the multivariate linear regression were done. The results of the multivariate linear regression modeling show that the parameter E c remains constant and equal to 0.2. But, the parameter η s depends on the experimental parameters. 
